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ABSTRACT
Objective: Cross-transmission by the hands of health-care workers is considered the main route of spread of nosocomial infections. Awareness
among medical students and interns about the importance of hand hygiene practices and facilities for its adherence can play a major role in reducing
disease transmission. The objectives of the present study were: (1) To determine the level and type of microbial contamination present on the hands
of medical students and interns from a teaching hospital of Mangalore, Karnataka, and (2) to evaluate the relationship between hand contamination
and knowledge, attitude, and practices of hand hygiene.
Methods: Swabs were obtained from the dominant hand and the skin surface beneath the rings of participants during their routine work hours.
Laboratory analysis was carried out within one hour of collection of samples. The participants were asked to fill a questionnaire on hand hygiene.
Descriptive statistics and analysis was done by Chi-square test.

Results: Of the 70 study participants, 35 (50%) were medical undergraduate students and 35 (50%) were medical interns. The contamination rate
was higher among the undergraduates (91.4% [32/35]) compared to interns (77.1% [27/35]). 38 (54%) participants hands were contaminated with
Staphylococcus aureus, of which 17 (44.7%) were methicillin-resistant S. aureus. Although overall knowledge status about hand hygiene was good,
concepts about certain key elements in hand hygiene were not clearly understood by the participants. Knowledge about alcohol-based hand rubs was
not up to the mark. The level of knowledge was found to be similar between UGs and interns and between the genders. Wearing ring while handling
patients had an influence on hand contamination.
Conclusions: Although the overall knowledge about hand hygiene was good, very few participants knew that hand hygiene after exposure to
immediate surroundings of patient can prevent cross-transmission. Health-care workers may unknowingly carry antibiotic-resistant bacteria on their
hands. Being unaware of this fact may have serious repercussions as the students and interns may serve as a medium for the spread of nosocomial
infections.
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INTRODUCTION
Hospital-acquired infections are responsible for significant morbidity,
mortality, and increase the duration of hospital stay and cost. Cross
infection by the hands of health-care workers (iatrogenic infections) is
considered the main route of spread of nosocomial infections. Special
attention has to be given and institutional policy must be implemented
to prevent the transmission of such infections significantly. Practicing
regular hand washing after handling the patients may be the most
important intervention in infection control [1]. The literature survey
suggests that commonly used hand rubs can eliminate common
nosocomial pathogens such as Escherichia coli (most frequent cause of
catheter associated urinary tract infection), Pseudomonas aeruginosa
(cause of ventilator associated pneumonia), Staphylococcus aureus
(most frequent cause of surgical site infection), and Staphylococcus
epidermidis (most frequent cause of catheter associated bloodstream
infection) [2]. Studies done in medical and nursing students in Sri Lanka
and India show less compliance toward standard hand hygiene devised
by the World Health Organization (WHO) [3,4]. Microbial flora was
found to be high in those who use rings hence implying that wearing
hand jewels is a risk factor for contamination [5]. The emergence of
antibiotic resistant bacteria is considered an increasing problem globally
and is associated with increased length of hospital stay, health-care
costs, patient morbidity, and mortality [6-9]. Mortality among patients
with methicillin resistant S. aureus (MRSA) and vancomycin-resistant
enterococci bacteremia is significantly higher than mortality among

patients with susceptible forms of the same bacteria [10,11]. Healthcare workers may unknowingly carry antibiotic resistant bacteria on
their hands, especially medical students while palpating, percussing and
performing procedures. Moreover, during their clinical training, they are
posted in infection sensitive areas such as delivery room, intensive care
units, and operation theaters, where greater requirements of sterility
and infection control are needed [12-14]. Thus, the present study had
aimed to assess and identify the type of microbial contamination present
on the hands of medical students and interns for determining their role
in the transmission of nosocomial infections.
METHODS
Study setting and design
This study was a consecutive non-randomized trial. The study
population included medical students and interns associated with
two governments and one private teaching hospital in Mangalore. The
inclusion criteria were medical interns and undergraduate students
who consented to take part in the study and those wwho were not
interested were excluded.
Sample size
Sample size was calculated according to the formula:

n=

Zα2 pq
E2
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With 90% confidence interval and 85% power the sample size came
to 65. However, the study population included in this study was 70
participants [5].

Data and sample collection
This study was conducted after getting approval from the Institutional
Ethics Committee. The method of data collection was purposive sampling
(non-randomized sampling). Informed consent was obtained from all
participants and a questionnaire was administered to obtain Information
about gender, age, and hand washing techniques by the participants.
Among the participants, 40 (57.14%) were from government and
30 (42.86%) were from private hospitals. TThe frequencies of ring
wearers and non-ring wearers while handling patients were found to
be 17 (24.29%) and 53 (75.71%), respectively. Complete confidentiality
of the response of the participants was ensured. The swabs were
obtained from the dominant hand of participants during their routine
working hours and the samples were numbered correspondingly, and
transferred to the microbiology laboratory of Kasturba Medical College,
Mangalore, for analysis. Additional swabs were taken from the area
beneath the ring wearing of the participants. Further, the participants
were asked to fill a questionnaire on hand hygiene (adopted from the
WHO questionnaire on hand hygiene practice and knowledge among
health-care workers).

Identification of pathogen and antibiogram
The swabs were inoculated on blood agar and McConkey agar and
incubated appropriately. Bacteria were identified by evaluating its
colony characteristics, microscopy, and biochemical tests. Further,
bacterial isolates were subjected to antibiotic sensitivity test by the
Kirby-Bauer disk diffusion method as per the Clinical and Laboratory
Standards Institute guidelines [15]. Cefoxitin disc was used to detect
MRSA. Descriptive statistics and analysis by Chi-square test were done
using SPSS version 17.0.
RESULTS AND DISCUSSION

Among the participants, 35 (50%) medical undergraduate students
and 35 (50%) medical interns working for the two hospitals attached
to the same medical college were included. The age ranged from 19
to 25 years with the mean being 21.83±1.43 years. Among them,
34 (48.6%) were male and 36 (51.4%) were female. The distribution of
study participants according to year of study is presented in Fig. 1 and
the department-wise distribution of study participants is presented in
Fig. 2.
Bacterial contamination rate of hands
Among the seventy participants, overall contamination rate was
found to be 84.3%. The contamination rate was higher among
the undergraduates (91.4%) compared to interns (77.1%). The
contamination rate was found to be higher in male participants
(88.2%) than in female participants (80.6%). There was no statistically

Fig. 1: Distribution of study participants (in percentages)
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significant difference between the contamination rates of those who
had agreed to have received formal training in hand hygiene (83%) to
those who had not received (87%). The contamination rate was not
significantly different between those who used hand rub routinely
during posting and those who did not.
Identification of bacteria that contaminate hands
Among the 70 swabs (from the dominant hand of each participant) that
were examined, 38 (54.3%) were contaminated with S. aureus. Among
them, 17(24.3%) of the 70 swabs were contaminated with MRSA.
About 18 of 70 swabs were contaminated with coagulase-negative
staphylococci (CoNS). Out of the 43 S. aureus isolates obtained from
hand/ring area of hand, 19 (44.18%) were found to be methicillin
resistant.

Of the 70 swabs from hands examined, only one contained Acinetobacter
spp. and another hand on one hand and the other hand was found to
be contaminated with Klebsiella spp. Among the 17 swabs taken from
area of hand in contact with rings, only one was found to contain
diphtheroids, whereas the same hand contained CoNS. The comparison
of pattern of hand contamination between UG and interns is shown
in Table 1. The comparison of pattern of contamination of the area
beneath the ring between UG and interns is shown in Table 2.
Antibiotic susceptibility pattern of isolated bacteria
The antibiotic susceptibility pattern of S. aureus and CoNS are depicted
in Fig. 3. The only diphtheroids strain isolated from ring area was
found to be sensitive to penicillin, cefoxitin, gentamicin, netilmicin,
chloramphenicol, erythromycin, tetracycline, clindamycin, cephalothin,
Table 1: Comparison of pattern of hand contamination between
UG and interns

Organism in hand

UG (n=35) (%)

Intern (n=35)

p*

S. aureus
MRSA
CoNS

20 (57.14)
7 (20)
10 (28.6)

18 (51.42)
10 (28.6)
8 (22.9)

0.192
0.403
0.584

*Statistically significant (p<0.05), S. aureus: Staphylococcus aureus,
MRSA: Methicillin resistant Staphylococcus aureus, CoNS: Coagulase‑negative
staphylococci

Table 2: Comparison of pattern of contamination of the area
beneath ring between UGs and interns

Organism isolated beneath
ring area

UG (n=35)

Intern (n=35)

S. aureus
MRSA
CoNS

3 (8.6)
2 (5.7)
6 (17.1)

2 (5.7)
0
1 (2.9)

S. aureus: Staphylococcus aureus, MRSA: Methicillin‑resistant
Staphylococcus aureus, CoNS: Coagulase‑negative staphylococci

Fig. 2: Department-wise distribution of study participants
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and amoxiclav. Acinetobacter spp. isolated from hand was found to be
resistant to ampicillin, cefotaxime, ceftriaxone, and ceftazidime. The
Klebsiella spp. isolated was found to be sensitive to ampicillin, amikacin,
gentamicin, ceftriaxone, cefotaxime, and CLP (Ceftazidime - 18 mm;
CAC - 20 mm).

Relationship between hand contamination and knowledge,
attitude, and practices of hand hygiene
The knowledge, attitude, and practices about the hand contamination
was determined and out of 70 participants, 67.1% had agreed to
have received formal training and 84.3% used alcohol-based hand
rub for hand hygiene. The knowledge about the main route of crosstransmission of potentially harmful germs between patients in a healthcare facility is health-care workers’ hands were observed among 68.6%
and 34.3% participants knew that the most frequent source of germs
responsible for health-care associated infections is germs already
present within a patient. Other responses assessed in the questionnaire
based on the WHO are presented below in the Table 3.
Handling patients by wearing jewelry is considered as a major source
of spreading diseases, thereby 56 students knew wearing jewelry
favors colonization of hands with harmful germs but 13 out of those
56 wore jewelry while handling patients. Among the undergraduates
and interns, 77.14% and 60% knew that main route of transmission
of nosocomial infections is unclean hands of health-care workers,
respectively (Chi-square value=2.3688). The comparison of knowledge
about hand hygiene between interns and UG students is presented
below in Table 4.
DISCUSSION

This study included 70 participants; among them, contamination
rate was found to be 84.3%. The previous study conducted among
physicians and dermatologists working in a hospital showed significant
contamination of the hands at entry (59.1%) and at exit (90.9%). The
same study depicted the hand contamination rates of medical UGs
and interns in which no significant difference was observed [16].
The contamination rate was found to be higher in males compared
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to females though not statistically significant. This may be due to
better adherence to hand hygiene guidelines by the latter [17-19].
Contamination rate was not significantly different between those who
used hand rub routinely during posting and those who did not. An
earlier study has reported that compared to uncleansed hands, hands
cleansed with alcohol-based hand rub were significantly less likely to be
contaminated with methicillin-resistant CoNS [20]. The contamination
rates of those who agreed to have received formal training in hand
hygiene were comparable to those who did not. This could be attributed
to the lack of compliance.
In the case of determining the pattern of contamination, 54.3% of hands
were contaminated with S. aureus and 44.7% were found to be MRSA.
In another study among health-care professionals, Staphylococcus spp.
was the predominant organism isolated [16]. In this study, Acinetobacter
spp, Klebsiella spp., and diphtheroids were isolated from three different
participants and similar scenario was also reported in other study [21].
The antibiotic sensitivity pattern showed almost all the S. aureus
isolates were sensitive to gentamicin, netilmicin, chloramphenicol,
erythromycin, tetracycline, and cephalothin. Out of the total 45
S. aureus isolates obtained from hand/ring area of hand 42.22%
were found to be methicillin-resistant. Health-care professionals
have been recognized as potential asymptomatic MRSA carriers [22].
In this study, 72% of CoNS were found to be resistant to methicillin.
Among those, 18 methicillin-resistant CoNS, resistance was observed
as 2 for gentamicin, 2 for chloramphenicol, 14 for erythromycin, 8 for
tetracycline, 9 for clindamycin, and 3 for cephalothin (D-test negative
for 14) and the earlier study showed both lower levels and a narrower
spectrum of cross-resistance [23]. Most of the studies supported that all
gentamicin resistant strains were sensitive to netilmicin and the same
was impregnated in this study, and also no isolates were resistant to
netilmicin [23].
Although the overall knowledge status about hand hygiene was good, very
few participants knew that hand hygiene after exposure to immediate
surroundings of patient can prevent cross transmission. Being unaware
of this fact may have serious repercussions as the students and interns
may carelessly serve as a medium for spread of nosocomial infections,

Table 3: Knowledge about hand hygiene assessed by the WHO‑based questionnaire
Category
Prevents transmission to patients
Before touching a patient
Immediately after risk of body fluid exposure
After exposure to immediate surroundings
Immediately before a clean/aseptic procedure
Hand hygiene method required
Before palpation of abdomen
Before giving an injection
After emptying a bedpan
After removing examination gloves
After making patient’s bed
After visible exposure to blood
Increased likelihood of colonization of hands
Wearing jewelry
Damaged skin
Artificial fingernails
Regular use of hand cream
Prevents transmission to health‑care workers
After touching a patient
Immediately after risk of body fluid exposure
Immediately before a clean/aseptic procedure
After exposure to immediate surroundings
True/false regarding hand washing and hand rub
Hand rubbing is more rapid than hand washing
Hand rubbing causes more skin dryness
Hand rubbing is more effective against germs
To be performed in sequence

*Statistically significant (p<0.05), WHO: World Health Organization

Response

Number of participants (%)

Yes
Yes
No
Yes

63 (90)
59 (84.3)
17 (24.3)
61 (87.1)

Yes
Yes
Yes
No

56 (80)
69 (98.6)
62 (88.6)
42 (60)

Rubbing
Rubbing
Washing
Rubbing/washing
Rubbing
Washing

Yes
Yes
No
Yes

True
False
False
False

43 (61.4)
19 (27.1)
64 (91.4)
64 (91.4)
20 (28.6)
62 (88.6)

63 (90)
67 (95.7)
13 (18.6)
55 (78.6)
54 (77.1)
24 (34.3)
57 (81.4)
22 (31.4)
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Table 4: Comparison of knowledge between interns and UG students
Category

Frequency of correct response
by UG
n=35 (%)

Frequency of correct response
by interns
n=35 (%)

p

Source of germs
Prevents transmission to patients
Before touching a patient
Immediately after risk of body fluid exposure
After exposure to immediate surroundings
Immediately before a clean/aseptic procedure
Hand hygiene method required
Before palpation of abdomen
Before giving an injection
After emptying a bedpan
After removing examination gloves
After making patient’s bed
After visible exposure to blood
Increased likelihood of colonization of hands
Wearing jewelry
Damaged skin
Artificial fingernails
Regular use of hand cream
Prevents transmission to health‑care workers
After touching a patient
Immediately after risk of body fluid exposure
Immediately before a clean/aseptic procedure
After exposure to immediate surroundings
True/false regarding hand washing and hand rub
Hand rubbing is more rapid than hand washing
Hand rubbing causes more skin dryness
Hand rubbing is more effective against germs
To be performed in sequence

11 (31.4)

13 (37.1)

0.615

22 (62.9)
8 (22.9)
31 (88.6)
31 (88.57)
13 (37.1)
30 (85.7)

21 (60)
11 (31.4)
33 (94.3)
33 (94.3)
7 (20)
32 (91.4)

0.213
0.367
0.393
0.434
0.077
0.356

*Statistically significant (p<0.05)

31 (88.6)
31 (88.6)
9 (25.7)
28 (80)

32 (91.4)
28 (80)
8 (22.9)
33 (94.3)

25 (71.4)
34 (97.1)
29 (82.9)
22 (62.9)

31 (88.6)
35 (100)
33 (94.3)
20 (57.1)

29 (82.9)
33 (94.3)
6 (17.1)
26 (74.3)

34 (97.1)
34 (97.1)
7 (20)
29 (82.9)

25 (71.4)
9 (25.7)
27 (77.1)
15 (42.9)

particularly to immunocompromised patients [12,24]. In this study,
awareness about the importance of rubbing with alcohol-based rub
before giving an injection and after making the patient’s bed was found
to be poor, whereas some studies observed a knowledge deficit in
relation to the use of alcohol-based hand rubs to decontaminate hands
in the health-care setting [12]. This is important because the future
health-care professional should not be misguided by false sense of
safety and needs to take precautions to protect themselves to serve the
patients better. The current investigation has a perception that hand
rubbing causes more skin dryness. This could be one of the reasons for
poor compliance and also it was found that many have a misconception
that hand rubbing and hand washing are required to be performed in
sequence. However, in an earlier study, during routine patient care hand
rubbing with an alcohol-based solution was found to be significantly
more efficient in reducing hand contamination than hand washing with
antiseptic soap [25]. In the current study, knowledge level was found to
be similar between UGs and interns. However, there was significantly
higher number of UGs who knew that hand hygiene after touching the
patient prevents transmission of germs to healthcare workers. UGs who
knew that hand washing and hand rubbing were not to be performed
in sequence, significantly outnumbered the interns who knew the fact.
From the above observations, it can be proposed that education about
hand hygiene needs to be reinforced at regular intervals. Frequencies of
correct responses for almost all points considered in the questionnaire
were comparable between male and female participants However
exceptionally higher number of male participants correctly agreed
that hand rubbing does not cause more skin dryness than hand
washing [17,19]. In this study, female participants showed a better
self-assessment regarding the knowledge and adherence to hygiene
guidelines in comparison to their male counterparts. The contamination
rate of hands was 94.1% in those who wore ring as against 81.1%
among those who did not. In a study conducted among dentists, bacteria
and fungi were significantly more frequent in dentist’s hand with rings
than those without rings (63% and 37% respectively) and among the
isolated, potentially pathogenic microorganisms were S. aureus, E. coli,

29 (82.9)
15 (42.9)
30 (85.7)
7 (20)

0.690
0.324
0.780
0.074

0.073
0.314
0.133
0.626

0.046*
0.555
0.759
0.382
0.255
0.131
0.356
0.039*

and Candida albicans [26]. Another study among nurses, the presence
of rings on hands resulted in an increased frequency of hand carriage of
S. aureus as well as Gram-negative bacilli [20].
However, contamination rate of hand area beneath ring was
significantly higher among UGs when compared to interns. In this study,
a significantly higher number of male participants who wore ring had
CoNS than their female counterparts. The improved understanding of
hand hygiene among students and facilities for its adherence is expected
to play a major role in curbing disease transmission. Since antibiotic
resistance leads to life-threatening infections, prolonged hospital
stays and contributes to economic burden, controlling transmission
of resistant strains in hospitals by better hand hygienic extremely
important. The need of the hour is to create awareness among medical
students and interns about the importance of hand hygiene practices
in the prevention of nosocomial infections. It is of prime importance
to persuade them to follow the practices and help them in doing so by
arranging facilities for the same.
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